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ABSTRACT

3 This study establishes the feasibility of a silent expendable stud

driver. An investigation of commercial stud drivers led to the design .
of test devices and a prep-ototype model. The device weighs-one pound

and can drive studs capable of withstanding a minimum axial force of

250 pounds into structural steel, concrete, limestone, cinder blocks,

and wood. The results indicated the feasikility of using one stud de-

sign and one propellant charge specification for all of the materials

tested.
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As a result of a visit to Ebrt Bragg, Franlkford Arsenal learned of
a potentialmilitary recquirement for a stud driver which would operate k
effectively and silently into 21l ordinary comstruciion materials and,
if necessaty, under water. This stud driver would be used as an aid
itb——climbiﬁé: or scaling and other sirnilar tasks in which a quick, firm
anchorage is needed. If sucha stud driver were available, its require-
ments would be that it be effective, IightWeighE . waterproof, noiseless, B
and siijle. This. feasﬂnhty study is- fhe first step in the development ) N
oj such a stud drlve:c. . -

~ Commercial stud drivers that drive studs into steel and concrete '
are readi];y obtainable. The studs can resist a w*thdrawal force of
250 pounds.. Commercial ¢ tud drivers were not: designed-to be light-
wezght noiseless, and waterproof, and were therefore not considered
for the purpose of thig study.. However, initially commer<:1al drivers
were useful in obtaining data on apprommate charges, £orces, and

performance, thereby savmg considerable t1me.

) Progress followecl immediately froxn the mltxal studxes and tests
which verified that:the tasic ideas were sound. Confidence mcreased
to-the extent that predictable Tesults occurred repeatedly, and even=
'tually fea91b111ty was demonstrated )

This £eport co,v,ei'a the experimental work on threetest fixtures
and the p:gée-‘:protot}gpe , leading to the demonstration just mentionéd.
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THEORY : i

General

Interior ballistics deals with the relationships between.pressure, !
time, velocity, displacement, and the various propellant and:gun param-
eters. Internal allistic relationships, particularly in the case of high
velocity projéctiles, are generally complex and not amenable to quick
solutions., The nature -of piston devices, however, is such that certain
simplifying assumptions can be made that lead to more workable rela-
tionships without compromising accuracy. This is a consequence of the
generally high ratio of piston to propellant mass and to the relatively
low velocity imparted to-the piston at the instant when all the propellant
is burnt, 'The basic behavior of a piston-deévice can’he broken down into-
three stages:

T TS R T T TP R R, N e BT TR

T TR B 7

L. Ignition of the propeliant N

2. Burmngof the propellant - -

ey \"M‘“’"‘"Wu
AR TR A
b

- 3. - @xpans’fé’j; -of th’éig%gsee

In p1ston dewces, the proportwnate momentum of the ppiston is-
generally small at the énd of stage 2, as most of its- momentum is gamed
during stage 3, The equaticns that describe balliatic behavior in stage
3 are genera.l.y 51mple.

A carti'i’age for «:piston devxce may, typmally, ‘be required to-give
the piston a spec1f1ed eneérgy at a-controlled rate without the ‘Pressure
ever exceed ng some pne-chosen -gafe mammum. Avaﬂable volume,
constramts upon ‘the des1gn. By employme-lt of a few fu"lda.menta.l prin=
c;ples plus ballistic experience and intuition. one can select: the neces= -
sary combination of igniter, charge weight, and propellant burning .
characteristics, Although the equations used to describe the interior 7
ballistics phenomena are generally complex, the basgic prmmpleb can
be gwen and - descnbed 4in fairly simple terms,

For a quick, reasonably accurate, first estimate of typical pro- . )
pellant pressures, we may first use the equation of state, which is the
basic relationship betwéen pressiire, chamber volume, and temperature,

[ P S o LS. S S S S SIS S I S-S S
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Tt in necensnary also to consider the adiabatic relationship: 4f a quantity
of propellant s burnt in a chamber of lixed volume, then

PV - Cb): = CRT
whezre )

= preggure, psi

3

< 4"

= chamber volume, -in,

G

= weight —Q,f :propel'lgnt, 1b

b = covolume, the volume occupled by the propellant gas,
generally about 26, 3 in, 371b

R = propellant gas constant, ,géﬁérally aéout 7681@;,-,1b/1b%‘ffR*

HE

T = absolute temperature = (459° + t) degrees Rankine

t =?t¢mpe;’!§§§ie in °F

At the mstant the: propellant ‘burns in‘the chamber, thetempera=-
ture 1s the adiabatic flame tempez:ature, the temperature at: whxch the -
gases-are formed, Figure 1 is a raphical” representatmn of this rela-
tionship for an- assumed typical flame temperature of 6000° "R, Note

also that the perfect gas: law is PV CRT,- wh1ch does not take the co-.
volume into aCCount :

Ad1abat1c Work Charts

For x'ntzal estimates of carifidge pazameters, ‘we agsume that
all the propellant is consumed before any work is performed, In the

case of a piston-device, therefore, this is -equivalentto assume no
Ppiston. notion until all the propellant is burnt,

It is g,ls,o generally

A remmder he:ce may be useful R is the symbol for the gas:constant,
and is to-be distinguished:from °R, or degrees Rankine, the unit of

temperature derived from:-the Fanrenhe1t scale but starting at. absolute
zero (= -459° F), :
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asgumed that no heat is lost during motion of the pistoh/,,r 80 that the gas

-expansion-is adiabatic, The simple equations relating to piston motion
"~ are:

and

K = L.25 (genefegll}}efor propellants)

Figure 2 represents this relationship- graphwally Figure 3isa
: good descnpt1o~1 of the -physical sntuatxon. :

Let tbe propellant be all bhrned in an 1'ntxal volume V’l and at a
“maximum p,;essure Pl . The h1gh pressure gases in this: volume then:
move the piston. The total work performed .during the -expansion from
‘the initialk volume V ito-some greater volume Vz is equal to the area

under the curve bounded by the dashed lines. Therefoz:,., the total work
is:

“2av Plvl -szz
VK - K-

and since

and
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Figure 3. Energy of Piston for Case of Simple Adiabatic Expansion
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Figure ¢ is a graphijegil representation of this relationship.

We now-can use figures 1, 2, and 4 in estimating cartridge
- parametersfor the stud-driver,

Cartridge design must proceed around certain preas signed values
" and limits; in this case these are 500 ft=1b:-of energy, a-maximum pres—
. sure of 45; 000 psi, 2.5 ounces of propened masg, and a piston head _
~_ diameter of 0. 625 in, Gwen the above 1nformat10'1, deduced from a
" commercial stud driver study, the following steps are taken to de-

= wvelop the reqmred ballistic 1nforma.tmn. ; R P

T, Estxmatmg Propellant Charge C., One: gram of a,typxca.l
~ propellant, if‘burned with-no-wasted energy, would liberate 200 ft-1b: of
" energy. Reference to F;guz:e 4, however, shows that-we cannot even: ap-
_ proximate this without having a very hlgh ratio of initialto terminal
"~ pressure. To gzt any such-amount of work out of the propellant woul&
~ mean that the gas would have to cool to-ambient temperature while all
~ of its heat was-being converted into work: This theoretical situation is
_ virtually 1nm0551b1e, and the practical upper limit is- 90=95 ft-lb/ grain..
) Accordmgly, if the ballistic situation permits a large expansion ratio,
- ‘the propellant requirements-can be estimated by allowing-some 6080
"~ {t-lb/grain; Estimaiing 70-ft-1h/grain gives 7,1 graing for 500 ft-ib.

2. ‘Estimating iﬁi’tial v olume; V3. This is-done with the
. a@id of Figure 1. Given the amount of propellant, 7.1 grains as deter-
__ mined from étép ] and thn maxtmum pressure, 45, 000 p31 from ﬁxed

ngure. V
O 135 in, 2, It 9hou1d be oomted out that for a very fast burmng pro—

For a slower-burnmg propellant the p).stan w111 move before all of ‘the
propellant is burnt, so that maximum pressure will occur at a volume
which may be about twice as: large as the-chamber volume.
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3. Estimating Pressure and Volume Ratios Pp/P max'

Figure 4 shows that for 70 (t-1b/grain, a pressure ratio of 0, 145 is
necessary; in practice it will be less than this due to heat loss. Ref-
erence to Figure 2 then shows that a pressure ratio of 0. 145 is quwa-
Ient o a vulume ratio of 0.215.

4, Estimating Final Volume and Pressure (Vp and Pp)

Vi 0135

3
= 22192 - 0,628 in.
Vl/VF 0,215

‘VE‘

P

F = Prax (Pp/Py, ;)f%:: 45,000 % 0.145 = 6500 psi .

i ‘5, Estxmatmg Piston Araaand Stroke (ALE’ and Lg)
Dp = 0 625 in. (Gwen)

s ;,5;2_
Ap = I DL, = 0.785 (0.625)° =

#12

o.a*oéz—z;;ip—.:Z

AV = Vg - V) = 0,628 - 0,135 = 0.493 in, >
Lg = AY._ 493y o6 i ;
S A~ 307 1,606 in,

b, Fstablishing Cartridge Envelope. 7.1 grains of ball
powder will fit in a caliber . 38 special casge, -

REQUIREMENDTS

Statement -of Requirement

A potential requi;rein'ent existed for 2 one-shot-disposable stud
driver, capable of driving studs into wood, metal, stone, ice, or

10 )
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concrete quickly and without noise, smoke, oxr flash. It will be com-
pact, hand-held, lightweight, and propellant gas operated, capable

of use in air or under water, for purposes of climbing and other tasks
in which a quick, firm anchorage is needed.

Opﬂgtional Concepts

L. The stud driver will be used mainly for tasks in which a
quick, firm anchorage is needed.

2. The one=shot stud driver will be actuated by-a quickly de=

tachable, mechamcally operated reusable firing mechamsm for use
undexr -any reasonable condlflon.

"3, The ﬁrmg mechamsm and a supply -of stud: dnvers may be
cax;med ona belt -or pouch.

"4, The stud driver may be used to-drive pitons into the face of
stone or ice chffs for chmbmg purnosps. -

Organmatumal anr’ Log;s txce.L,ConceRts

1. The device will be used and controllec by mi htary personnpl
having a nced for the stud driver.

2. It will basically be an individual-tool.

Reasons for Requirement

fxperience indicates that an improvement must be made over
the preseni methods of obtaining-a quick, firm anchorage to various
structures. Present techniques are cumbersome, time consuming,
and unreliable, These methods require tying or driving nails or

stakes to which an object may he attached-or for the puzpese of climbing,

11
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Technical Feasibility

Although there are several commercially available stud drivers,
the military requirements differ so grecatly from the industrial that a
development program was calledfor. The most conspicuous: difference
is the desire for a one-shot device, which can be abandoned afte:r use,
and which can be made much lighter because there is no problern of
durability. Another major difference is the requirement for a single
all-purpose charge and stud. Other requirements which commercial
drivers are not usually expected to meet are low noise level, under-
water capabilities, and applicability to stone (including granite). The
feasiblity of the special requirements is within‘the scope of modern

technology, although-a moderate amount of develepment workis:
necessary.

i;
2
3
g
5
1
2
e
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Performance Charactenstxcs

1. This stud-driver will operate in any-climate through sthe ex-
tremes of temperature {(-40° F to+¥140° F) that -may be encountered;

it is to-be waterproof; -and the shelf life will be-comparable to any self-
- contamed ammumtmn. -

A Pressure's—i';sj}iould be in the rxeighngih@édz—of 45, O'Q’O%ziiéi:, and
the energy required to-penetrate theharder materials will bedinthe
order of 500 ft-lbs. -

3. The studs,.- ~when driven into solid ma.tenals, will J:esmt an
angular or axial foz:ce of at least.250-pounds..

4, The noise Ié,v,él will be rz;—’g’st—ncted t’of:t}i’:gt*which is :P;jc}éhced
by the penetration of the stud into-the materials.

Dhysmal Charactenst:cs

1. The weight -of the firing mechanism will not exceed three
ounces. The stud driver will not be-in excess of -one pound,

2, The firing mechanism will be approxirnately 0.5 inch in
diameter by 4 inches I{mg and the stud driver will'be approximately
1 inchin-diarieter by 7 inches long,




f. No upecial poclkaging, maintenance, training, and safety
precautions will be needed other than the normal ones for firearms,

DESCRIP'TION

The stud driver developed in this feusibility study consists of a
firing mechanism and @ driving mechanism,

The firing mechanism (Figure 5) comprigses a tube containing 2
spring-driven {iring pin, which hos .o handle projecting through a slot
in the tube; the handle serves both to ¢cock the mecnanism, and to trig-
per it, Approximately, it is four inches long by a half-inch in diameter,
and veiphs two ounces,

The body of the driving mechanism (Figures 6 and 7) is an alu-
minmun cylinder that accommodiates the stud, the piston, and the pro-
piling charge., The head of the piston (end nearest charge) has a
greater diameter than the shank; the cylinder bore is stepped, having
a 45° shoulder to {it the piston head at one ¢nd and the shank at the
other, At the step of the hore is a wonden or alu.ainum crusher ring
to cushion the piston at the end of its stroke. Medns were provided to
retain the propellant cartridge and to «ccept the firing mechanism,
The stud is 1nade of austempered stecel, other steel parts of alloy 4340,
The photograph, Figure 6§, shows an cnlarged head which is not indi-
cated in the drawing, Figure 7; thig is usced with the test fixture at-
tachrnent,

The preceding description is that of the preprototype; but the
test fixtures differed somewhat so that they could be fired often and
recharged readily, The most obvious difference is that the body of
the test fixture was made in two narts, the body and the extension,
The outside diameter of the body is 1-3/4 inches, instcad of 7/8 inch
as for the preprototype; it has an axiai bore of 5/8 inch, to accomo-
date the pisten hcud and the cartridge bushing, and a 1-3/8 inch
thread for joining it to the extensiun. The extension has, beyond the
internal thread to receive the body, a 3/8-inch hole for the stud and
the piston ghank; it also haz an external thread for mounting into the

13
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clamp which attaches it to the target., An -O-ring is used to seal the
joint between the body and the extension. The crusher is made of alu-
minum and the firing plug housing differs from the one in the prepro-
totype; but these differences are of no significance with respect to per-
formance. The components are made of the same rnateriais as the
corresponding ones in the preprototype except that the preprototype
crusher is wood; this difference in crusher material had no effect on
performance. Figures 8 and 9 show the first of three test fixture
designs,

When the assembly is fitted with pressure instrumentation and
attached to the target object {Fi igure 10),it is cocked by drawing the
knob on the firing pin to the position shown in the figure, and then re-
leased by pushing the knob out of the detent, thereby firing the cartridge.
The resulting propellant gas pushes the piston, which drives the stud
into the material,  The pistondis stopped by the crushef between the
piston head and the 45° should The distance traveled’by the p1stox~
is equal to the length of the studfrom the point to the underside of thc
stud's head, about 1:-3/4 inchés in most of the tests, Since the piston
head fraps the expanded gas behmd it, a firing plug bushmg {not shown
in & 1gures & and 9 but shownin Exgure L3)-Esused to keep -the primer.__
from blowmg back. This eliminates fast gas leakage and possible da-
mage to-the components behind the pr1mez:. The system is silent be-

-

cause-of the actwn of the p1ston.

A caliber , 38 commercial propellant cartndge w;.th 7.7 grains of
WC240 was the best-cartridge and charge so-far tested in‘the stud driver
program. Commercial cartridges vary from caliber ..22 to-caliber , 38
with charges from 1.6 grains to 13,4 grains. The propellants used with
commercial stud drivers include WC 420, WC 370 and WE 350,

MATERIAL AND- TEST EQUIPMENT
1. Standaiz& 8-inch commercial channel iron (Seezf%igure A-SE),.
2. Coarse concrete building block, 8x 8 x 16 inches, solid,

aged 9 years,

17
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3. Finish concrete block, 8 x 8 x Lé inches, solid, ngf::a;ged,

4. TFinish limestone block, 8 x 8 x 16 inches, solid,not aged
{Sce IMigure A-2),

R R S SR L

5. Standard cinder block, 8 x 8 x 16 inches, solid, not.aged.

Finish lumber, 4 x 4 inches, fir wood.

GANEE
o))
.

T
-~
.

Standard: printed circuit papex.

8. Copper pressure cylinders, lot 2C-62.

MR L

9. Pitman-Dunn Laboratories, Frankford Arsenal, pressure
gage, 1/30 in, p1ston, collet for copper pressure cylinders (gee
E‘;guxe 10). - -

10, thman—Dunn - Laboratories, F :ankiord Arsenal, plezo-
zelectnc gage, No, 22 ,(Gage constant = 503)

1l. Universal. cou'xter -timer, Computer Measuremen’cs Company,
Model 7268, B : -

12. Stmdaidiieﬁdulgm, 268 poundfg,; 3,44 sec/cycle..

13. Tatnall Metafilm strain gages, The Budd Co., Type: €l2-
I21-R2B; resistance: 120 % 0.2 ohm; gage factor: 2,00+ L 2%,
log No.: A4-G-17. -

TEST FIRING PROCEDURE

The step-by-step procedure in preparing the test setup-is given
below.

1. The stud:was inserted intq%{:hc extension, so that the tip
was flush with the output face. If standoff tests were being run, a longer
extension was used and: the stud inserted fo-the required distance.

21




2, The O-rings were placed intoposition on the various
components,

3. The crusher was slid onto the piston shank, beveled
face toward the héad, and both were then inserted into the body, piston

head{irst.

} 4. The-cartridge was placed in the.cartridge rbg’s;hing and
both into the body, ‘taking care that the pressure holes are aligned.

5. The Firing plug was put into the-housing, and-the bushing
pressed into place..

6. The attaching clamp for the fixture was fastened firmly
to thetarget matetfal.

7. ‘he éxtension was screwed into: the clamp, the ‘body into
= the extension, and: the firing plag Tousing mto tbe body.

8. Thej;i:essure ga'gg ‘was screWé?gif;to the side -of the body..

9, The f:.mng mechamsm {in its safety position), a commer-=
cxally available "Pen-Gun", was screwed onto- the firing plug: ‘housing,

10, Tn’é;dévice was —{:gg}‘ked by drawing the knob :Qf;thg "Pen-
Gur’i";ggainst the spring and into-the detent slot. The device was fired
by pushing the knob:.cut of the detent, :

- The data recorded are:
a, Testtitle, and type of test fixture,
b. Date,
¢. Round:number,
d. Type and quantity of propellant.
e. Type of stud.

f. Type of target material,

22
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g. Standcff, if any,
h, Pressure and pressure-measurement system,

i, Penetration,

METHOD

wmle fhe fxxtures wete bemg mad supphed ormat on useful ‘to the
program, (Figureszll and 12 shcw a typical commercial dr,pver and
studs,): This information indicated what to-expect under similar condi-
tions with the testfixture as well as the inadequacies of commerc1a1
drivers for Special Forces, ']Ze,stmg of the-commercial units-ended
whenithe special test fixture became available for experiment, Use of
commercial charges and studs with the fixtuteled to encouraging re-
sults.. Pressures and penetrations in severa.,:ypes of matemals were
the ‘most important aspects of the results, '

Encouragediby the perfd;iﬁgﬁce of the first test fixture, Frank-
ford Arsenal proceeded with thefabrication of @ preprototype (Figure
6). Initially, the Preprototype compared favorably with the ‘test fixture;
however, differencés appeared:-during the stage of charge establishment 7
for penetration of 7/16-inch thick steel, This material offéted the
greatest resistance to penetration, yet it was likely that the thickness
of T/l6-inch was an entirely realistic requirement.

The design and fabrication-of another test{fixture, moxe like the
prototype, was the mext logical step. Studies-with this modified test
fixture, Figures 13 and 14, began with another attempt to establish a
charge of WC 350 propellant which- would accomplish the most difficult
task required of it, (The photograph does not show the hole for pres-
sure instrumentation, ) It soon developed that pressures and penetra-
tions were erratic, which led tothe —investiggﬁ()n of other propellants
of which, at first, the most promising was WC:240. Later, however,
the same problem of erratic performance recurred, but WC240 still

23
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behaved better than WC 350, The next attack against this problem was.
the use of standoff in the-system. (Standoff is the distance between the
stud andthe target material; by using standoff, the stud-can gain veloc=
ity in the barrel before striking the material.) This led-to successful
penetrations but the erratic pressures remained.

After re-evaluating-the system, the-use of a high-low pressure system
appeared to be advantageous and a suitable design was::éyélved (Figure 15).
This system incorporated:a double-shanked piston, which would allow
the pressure to stay at a‘high value untilthe system had' completed
most of its work, and then drop off rapidly. The real advantage of this
system, though, was thatthe gas weculd-expand into a chamber of the
same diameter rather thaninto one of a larger diameter. The im-
mediate expansion of the-gas from a 3/8=inch diarneter -chamber to one
of a 5/8-inch diameter could very likely have caused inconsistency in-
the other systems. I‘ollow1ng the fabucaﬂon of a hxgh-
Fxgure 137,/ e‘cpemments

Lk P VA TR L

R

i A MR R
|

~test f1xture,

iR SRR
s AT

One of the-curves is g1v;:an in the Appendxx.
stud driver at Picatinny Arsenal and the subsequent cancelmg of the

- project-ended exploratxon af this point, -except for some J;ecoxl and
- velocity experiments.

) All of the development work was on‘the driving mechanism. since -
the commerxcially available ”fPen-Gun"(gE'i:ggte 5) served: as the firing
mechanism. This device met all of the requirements for the firing
mechanism, and its use ih most of the p,;:,dg;:am showed: its suitability,
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RESULTS AND DISCUSSION

Pest results are summarized in Tables I and IL. In the first-ex-
periment using the original test fixture, the results in Table I-A were
cncouraging. All penetrations were proper and the pressures were
reasonably uniform except for the first and last rounds. There was no
apparent £eason for these two abnormally low values. The data in
Table I-B showed the pressures and penetrations to be acceptable con-
sidering-the early stage of development, although some penetration-was
light. Table I-C shows how the pressures and penetrations varied in
different materials, Allpenetrations were acceptable-and the pres-
sures usually varied according to the resistance of the materials. The
two trials involving washers showed similar pressures which, for some
unknown reason, were markedly lower than the oth-~rs. Table I-D-re-
veals the 7/16-inch thwk ‘steel offered the greatest resistance to pene-
tration, as indicated by i:he amount of propellant and by the high pres-
sures, these results were not discouraging. Either vetter pressure
consxstency or more pnopellant appeared to be the-answer for perfect
penetrations, and a prototyue now scemed: feasible. ;7;

Table 1-E shows the original results of the prototype tests. Foj'
penetrating limestone; the required charge was iess in the prototype
than in the original test ﬁxture, and the pressures were conmdera’bly
higher. The cause of some of the differences in pressure readings:
was probably the use of a di‘ferent sysfem of measurement. Becavse
this was to be a test of a prototype stud: driver, strain -gages were used
instead of copper pressure cylinders. Higher pressures and smaller
charges were expected; since the prototype was more efficient.

Table I-F indicates that the pressvre consistency when driving
in 7/L6-inch thick steel was still poor but better than that of the orig-
inal test fixture. The hetter performance of the prdt’c;:’)g@e, and the
difficulty of obtaining uniform pressures, when it was tested, prompted
the design and fabrication-of another test {ixture more like the proto=
type. The original test fixture had a longer and heaviér piston, car-
tridge case, and firing plug, and had ,ho::é-r. .38 nor afiring plug
guide bushing to seal the gases more effectively during the ballistic
cycle.

Table 1-G is evidence that acceptable penetrations occurred as
frequently in the modified: test fixturc ac they did in the prototype;
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but censistency of penetration was still poor, apparently because of
the inconsistent pressures. (The last shot may have been-border
line.) The modified test fixture required about the same charge as
did the prototype, under similar conditions.

The possibility of having too high a loading density, causing in-~
consistency, led to the use of less propellant; Table I-Hzfgiv,es the re-
sults of this. The penetrations improved but the pressures did not.

The use of a piezo-electric gage instead of copper pressure cyl-
inders to obtzin the pressures-was the next experiment since the pres=
sures were less consistent than the penetrations. Table I-I shows even
poorer results.

There seemed ho advantage in continuing the same line of testing.
A commercial stud: driver propellant, WC 350, performed-well in the
original test fixture; therefore investigation-of -other propellants had
not seemed necessary. But atfhe present stage of devefgj)fhent, it ap=
peared that it might be profitable to explore other propell’éﬁts. In Table
I-J, the results Sihgwed that Red Dot, AL-8 and IMR 3031 propellants:
were not suitable’for use with the fixture. They are either too slow or
not powerful enough. (Low impetus.)

Table I-K shows that WC 240 propellant acted very-well with al-
most-perfect penetration and fairly consistent pressure for this system.
But further tests, reported in Table I-L, revealed that uniformity of
pressure had slill not been achieved.

The test fixture's extension was replaced by a iongerx one to pro-
vide standoff. Table I-M shows that 3/4-inch-of standuff proved suc-

cessiul for perfect penetrations, but pressures remained inconsistent.
The continuing seaxch for a solution to the pressure problem led to the
design and fabrication of a new test fixture with a high-low pressure
system. Table I-N shows the performance o. l1e high-low test fixture;
and the results are divided into two groups of indicated pressure level.
The only differences in the test conditions of these groups were the
dates and pressure measurement systems.

The cancellation of this project ended the testing of this fixture
beforc the determination of its feasibility.

The recoil and velocity results using the modified test fixture are
presented in Table II. When penetration was proper, the recoil was
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TABLE !.

Summary ¥ rformance

Charge Target Pressure
R4 Type Grains  Stud No. Matorial Peneiration * Psi Method

A. Original: Test Fixture

1 wc3s0 7.6 3335 limestone proper 3100  copper cyhinder
2 WC 350 7.6 3335 limestone proper 9400 copper cylinder
3 WwWC 350 7.6 3335 limestone proper 8600  capper cylinder
4 WC 350 7.6 3335 limestaone proper 10000  copper cylinder
5  wcC 350 7.6 3335 limestone proper 19200  capper cylinder
6 WcCi3sp 7.6 3335 limesatone proper 9360 copper cylinder
7 wC 3sn 7.6 3335 limestone proper 8700  copper cylinder
8  wc 359 7.6 3335 Limestone proper 2500  copper cylinder
5 WE 350 7.6 33315 himestone propar 6500  copper cylinder

B. Originsl Test Fixturs
I wciso 6,9 5/2565 concrete 1/8» 12000  copper eylinder
Z W 3so 6.9 572965 concrete 17" 11500  copper cylinder
3 wc s 6.0 512965 concrete proper 9200 copper cylinder

- 4  WC 3s0 6.0 572965 concrete proper 9500  copper cylinder

€. Original Test:Fixture
! wce3so 6.0 572965 wood 3/8" 7200 copper cylinder
2 WC 350 6.0 5712965 cinder proper 860C  copper cylinder
3 wc 50 6.0 5/2965 wood proper 4200  copper cylinder
4+ wc 350 6.0 572965 cinder proper 4500 copper cylinder
5  wcCa3so 6.0 572955 wood-plus proper HH00  copper cylinder

1716 steel

D. Original Test:Fixturc
I wc3so <5 3317 7/16™ steel 716" 17000  piczo gage
2 wc 350 2.5 3317 716" sye] 77157 13000  piezo gage
3 wcaso 9.5 3317 /16" sieel proper 19500  piezu gage
% WC 350 9.5 1317 7116 teel proper 19000  piczo gage
5 wC3s0 9.5 33317 7/16" steni 7/16" EI500  piezo zage

E, Prototype Driver, Charge Established
I wcise 6.0 317 limestone 1700 22000 serain zagpc
£ WG 350 7.0 3317 limestone proper 30000 stram gage
F. Prototype-Driver

1 WC 350 3.2 3317 7/16" steel -3/8" omitted
Z w150 9,2 33:7 7116" stecl proper omitted
3 wes0 9.2 3317 7716" stecl 3/8" omitted
* WG 350 9.2 3317 7116" stoel 3/8 omitted
5  wC 350 9.2 3317 7/16™ stecl 3/8v omitted
6 wciso 9.2 3317 /16" steel a/gn omitted
7 wcise 9.2 3317 716" steel  proper omtted

*Proper penctration means thak-the stud has entered-the target material-and that the head 3¢ the
stud:is seated flush against=the larget material, A-recorded distancefor-the penctration meaps
that-the stad has penetratediinto the target materizlito that stated distancesbut that the head of
the-stud was not seated flush-against the target-materisl,




TABLE I (cont'd}

Summary Performance

Cﬁgge . Target Pressure
Rd Type Grains  Stud No. Material Penectration psi Method

G. Modified Test Fixtrre

. I wciso 9.4 3317 7/16" steel prop:r 26600  copper cylinder
2  WC 350 9.4 3317 T/16" steel propes 22100  copper cylinder
3 WwcC 350 9.4 337 7/16"steel proper 18300  copper cylinder
4 WC 350 9.4 3317 7/16"steel 7/16" 16700  copper cylinder
5 WC 350 9.4 3217 7/16"3¢cel 3/8 29500  copper zylinder
6 WC350 9.4 3317 7/16"stec)  7/16% 13500  copper cylinder

H. Modified Test-Fixture, Charge-Established
i wC 350 8.5 3317 7/16" stcel  proper 37000  copper-cylinder
2 WwC 350 8.5 3317 7/16" ateel proégr 23600 co?’rp’,ézecylindcr
3 WC 350 8.5 3317 7/16" steel proper 29400  copper cylinder
4 wC 350 4.5 3317 7/16" steel proper 36500  copper-cylinder
5 wC 350 8.5 3317 7/16™ steel 7716 19800  copper-cylinder
6 WC350 85 337 7/16" steel  proper 37200  copper-cylinder
7 WC 350 8.5 3317 7/16* steel proper 37400  copper-cylinder
- 8 wC 350 8.5 3317 7/16" stcel  proper 32400  copper-cylinder
g wC 350 8.5 3317 T116" steel proper 27300 copper-cylinder
16 WwC 350 8.5 3317 7/16% steel  proper 25090  copper-cyhinder
1. Modified TestsFixture, Charge=Established
} wC 350 8.5 337 7116 steel proper 34000  piezo-gage
2 WC 350 8.5 3317 7/16" steel  proper 7000  piezo-gage
3 wC 350 8.5 R 7/16" steel 7/16™ 8300  piezo-gage
4 wC 350 8.5 3Nz 7/16" steel proper 7000  piezo gage
5 wC350 8.5 3317 1" steer  7/16% 27000  plezo-gage
J. Modified TestFixture, Prototype-and=Charge
1 Reddot 5,0 3317 7/16"'stenl 7716 6000  piezo:gage
2 Reddot 5.0 3317 7/16"steel 7/16" missed piezo.gage
3 Reddot 5.0 3317 1/16"steel 7716 B80GO  pitzo-gage
4  AL-8 7.0 3317 7/16%steel  3/8% 13000  piezo-gage
5 AL-8 7.0 3317 7/16"steel 378" 13500  piezo-gage
5  AL-8 7.0 3317 7/16%stecl 3/8" 12500  piézo gage
7 AL-8 7.0 3317 7/16"steel 3/8" 12500  plczo-gage
PoMan g B paeme g e BotEn
g - o 3 ‘stee 714" 1 piezo-gage
140 IMR-3031:10,0 3317 7/16"steel 57167 misscd piezo-gage
pk.
K. Modificd Test=Fixture, Charge-Established
' wca40 7.7 3317 716" g4t proper 25500 piezo gage
2 wca 1.3 3317 7/16" steel  proper 19500 piczo gage
3 wcao 7.7 3317 7/16" stecl  proper 27000 piczo gage
4 wcCa24n 7.7 3317 716" 1001 proper 32000  piczo gage
5 wCc240 7.7 3317 7/16" steel  proper 22000  piezo gage
6 wca0 7.7 3317 716" gtecl  proper 25500  piezo gage
T wcao 7.7 3317 7/16"gtce1l  proper 26000 piczo gage

. 8 wca0 7,7 3317 7/16"steel  proper 22000 piezo gage
7 wc2i0 7,3 3317 7/16" g¢cel  proper 24000 Pfczo gage
10 wca40 7.7 3317 7/16"stecl  proper 23000 piezo-gage
11 wcae0 7.7 3317 T1186%"stcel 7 /14 13000 piezo gage

- 12 wca0 7.7 1317 7/16"atcel  proper 28000  piezo
13 wcai0 1.7 3317 7/16"gteel  proper 24500 prezo
4 wca2q0 7.7 3317 T/16"gter]  proper 22500  piczo
15 wc24s0 1.7 3317 7/16"3tee1  proper 24000  piezo




TABLE I {cont'd}

Summary Performance

Charge

s
=

WC 240
wC. 240
W< 240
WC 240
wC 240
we 240

WY e WA D e

N. Bigh-Low Test Fixture, Charge Established

NANNNN
ORI RN |

Charge

Rd Tyne

W 240
WG 240
WC.240
W 240
WE 240

WHds W [y =

Grains

7.7
7.7
7.7

7.7
7.7

3317
3317
1312
3317
1117
3317

SuidiiNa,

317
3T
3317

3317
3317

7/1hvsreel
7/16"#teel
7/16"stael
7/16"steel
7716 "steel
7/16"steel

TABLE I

7716"
7716
7/
i/
3787
3/8"

. _Zarget

Material  Yenetration
comant 3/g"

7/16" stl  proper
T716% st 328"

nonc none

none nons

3k

Modificd-Test Fixture, Recollzand Velocity

Target _Pressure
Rd Type  Grains  Stud No. Material ~ Pénetration  psi Method
L. Mopdified Test Fixture, Charge-Established
1 w240 7.7 3317 7/16%steel  T/16™ 21000  copper cylinder
2 WC 240 7.7 3317 2/16"atecl  proper 23400  copper cylinder
3 wC 240 7.7 3317 7/16"steel  T/16" 18100  copper cylinder
4 WwC 240 7.7 3317 7/16""steel  proper 25800  copper cylinder
5 wC 240 7.7 3317 7/16"ste- 1 7716" 13600  copper cylinder
[ wC 240 7.7 kX)) 7/16"stcel  proper 41000  copper cylinder
7 WG 240 7.7 3 7/16Vszeel  proper 46000  copper cylinder
8 wC 240 7.7 3317 7/16"s1cel  proper 21500  copper cylinder
9 WC 240 7.7 3317 7/16"steel: proper 47600 copper cylinder
10 we 240 7.7 37 7/16"stcel  proper 42300  copper cylinder
M. Modified Test=Fixture, Charge Established with 3/4"Standoff:
1 WC 240 7.7 317 7/16" steel  proper 17300 copper cylinder
2 WC 240 7.7 3317 7/16" 5¢0nl  proper 25900  -copper cylinder
3 WC-240 7.7 317 7/16" steel  proper 18600  copper cylinder
4 WG 240 7.7 317 7/16™ gtecel  proper 16600  ropper cylinder
5 WC.240 7.7 3317 7/16" steel  proper 16300 copper cylinder
6 wC.-240 7.7 317 7/16" steel  proper 18200  copper cylindex
7 wC-z40 7.1 3319 7/16" stecl  proper 16400  copper cylinder
3 wC 240 7.7 3317 7/16"steel  proper 29500  copper cylinder
9 wC-240 7.7 3317 7/16" stcel  proper 23500 copper cylinder
10 w240 7.7 3317 7/16"stcei  proper 20900  ecopper cylinder
11 WC-240 7.7 3317 7/16%stecl  proper 15600  copper cylinder
12 WC.240 7.1 3317 7/16'steel  proper 26200  copper cylinder
13 WC-240 7.7 nz 7/16"steel  proper 28600  copper cylinder

64000  copper cylinder
62100  copper cylinder
64400  copper cylinder
31000  plezo.gage
37500  plezo gage
370060 piczo gage
Recosl Yelocity
0.5 lb-sec -
4,5 lb~sec -
%, 5 lb=sec -
- 479 fps
~ 534 {ps

WO b




insignificant with cement as a target object, and somewhat more than
a shotgun in 7716 inch thick steel. When the stud did not penetrate steel,
recoil was excessive. The muzzle velocity averaged 507 fps,

The "Pen-Gun' solved the problem of a-multipurpose firing
mechanism that is presumably waterproof {although not tested under
water), The system was lightweight and noiseless, which was a goal
of the project, The prototype stud driver weighed one pound complete
and the only noise heard when it fired was the sound of the stud striking
the material into-which it was being-driven., The one-charge one=stud
goal looked feasible and appeared to-be no problem. Finally, the driv-
ing mechanism was a one-~shot expendable device, easy to handle be-
cause of its size and weight,

“GONCLUSIONS

The results showed that the development of the stud driver pro-
gressed as planned with the-exception of obtaining consistent pressures,
which may well be a problem of measurement, The high-low testfix-
ture gave promiseé -of leading to a more uniform 'systeni,, but the can-~
cellation of the project occurred when this fixture was in an early stage
of devgl'gpment.r

Best overall results were produced by using standoff; all penetra-
tions wére propetr despite inconsistent pressure measurements. The
stud driver must be longer and heaviér, and the -extra length is equal
to twice the standoff due to additional piston travel as well as extra
stud travel. These are not serious problems,

The major objectives of this test program were achieved, We
developed a hand-held expendable étud*driving’— device, which will-drive
commezrcial studs or the like into structural steel, wood, concrete,
cinderblock, and limestone, It is seven inches-long and one inchin
diameter, and weighs one pound, It.can be fired with a ‘hammer or a
spring-driven firing mechanism like the ""Pen-Gun',
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E APPENDIX
E
E TABLE A-1
E Original Stud:Driver Test Fixture
E
’E’;
3 Charge Stud  Standoff Pressure Pressure Pull-out
o Rd  (graim Prop. l}h’}. (in) Material {p:si) Sysfifm Penetration force-(Ib)
1 7.5 WwWC3s0 3335 none cinder 9000 copper cylinder Proper -
2 R.8 WC350 3335 none cinder 15600 copper-cylinder  3/16" -
3 8.8 WC350 3335 none cinder 5000  copper-cylinder  Proper -
“ 8.8 wC3s0 3335 nene concrate 11000 copper-cylinder  3/8" -
5 8.8 WC3ii0 3335 none congrete 9100 copper-cylinder  3/8" -
6 10.4 WC350 3335 none concrete 10300 copper-cylinder  Proper -
2 10.4 WwWC350 3335 none concrete 20100 copper cylinder Proper -
8 7.6 wC350 1335 none concrete 13100 copyer cylinder  Proper -
9 7.6 wC3se 3335 nonc concrete 10300 copper-cylinder  Proper -
10 7.6 wC350 3335 none concrete 9000 copper cylinder Proper -
11 7.6 WC350 3335 none concrete %000 copper-cylinder Proper -
12 7.6 WwC350  333% none himestone 9000 copper-cylinder  Proper -
i3 1.6 wGC3s0 3335 none limestone 3100 copper-cylinder Progexf -
14 7.6 WC3is0 3335 none hmezstone 94300 copper-cylinder  Proper -
15 7.6 WC350 3335  none limestone 8600 copper-cylinder  Proper -
16 7.6 wC350 3335 none hmestone 10000 ccpP:r;:ylindcr Progc'z -
17 7.6 WC35¢ 3335  nonc limestone 10200 copper-cylinder  Proper -
18 7.6 WC350 3335  none limestone  $300 capper-cylinder  Proper -
19 7.6 WC350 3335 none limestone 8700 copper cylinder  Proper -
20 7.6 wWG350 3335 none limestene 9500 copper-cylinder  Proper -
21 1.6 WC350 3335 none limestene 6500 copper-cylinder  Proper -
22 4.0 wWC350 3601 nene limestone 4000 copper cylinder  1/g" -
23 4.5 wWC359 3601 none Jimestone 4200 copper-cylinder Proper - ,
24 5.0 WC350 3601 none limestone 4200 copper-cylinder 378" -
25 5.0 WC350 3601 none limestone 5300 copper cylinder  3/8% -
26 5.0 WwWC350 3601 none limestone 4900 copper cylinder  3/8" -
27 5.0 WC350 3601 none Iimestone 3000 copper-cylinder Proper -
2z 5.0 WC350 3601 none limestone 5700 copper-cylinder  Proper -
24 5.0 WC350 36901 none hirestone 7000 copper cylinder  3/8% -
30 1.6 wC3is0 3317 none limestone 12600 copper-cylinder  Proper -
E3 Y &8.¢ WC350 3601 none wood 3100 copper-cylinder 3/8% -
32 7.£ wg3se 35T none waod i5500 copper cylinder  7/16" .
33 5.0 WC350 337 none wood 7300 copper cylinder 3/ -
4 5.0 WC350 572965 none limestone 4800 copper-cylinder  1/8" 770
55 5.0 WC350 5/2965 none Limestone 7300 copper cylinder /8" 850
36 4.0 WC3506 5/2965 none limestone 5900 copper cylinder  1/§" -
37 5.0 WC35¢ 572965 nonc Iimestone 4800 copper-cylinder 1/8" 980
18 5.0 WC350 5/2965 none himestone 5390 copper-cylinder  1/a" -
346 5.0 “C350 3318 none limestone 3100 copper cylinder 1/16" -
40 5.1 WC350 5/2965 none Limestone 6800 copper-cylinder 1/8% -
41 5.0 WC350 5/2%65 none concrete 8200 copper-cylinder 1716 -
42 5.0 WC350 5/2965 nonc concrete 8000 copper-cylinder 1/16% -
43 7.6 WC3I50 572965 none concrete 19600 copper eylinder Proper 230
44 7.6 WC350 5/2965 none concrete 21100 copper eylinder Proper -
45 6.0 WC350 5/2965 aone concrete 12000 copper cylinder  1/8" 806
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6.0
6.0
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TABLE A-I {cont'd)

Stud  Standoff Pressure Pressure

Prop. _No, (in)_ Material (psi) System

WC350 5/2965 none concrete 11500 copper cylinder

WC350 5/2965 none concrete 9200 copper cylinder

WC350 5/2965 none concrete 9509 copper cylinder

WC350 5/2965 none cinders 9900 copper cylinder

WC350 5/2965 none wood 7200 copper cylinder

WC3I50 5/2965 none Iimiestone 10100 copper-cylinder

WC350 5/2965 none cinder 8600 copper cylinder

WC350 5/2965 none wood=and 4200 copper cylinder
washer

WC350 5/2965 & none wood-and 9200 copper cylinder

grooved washer

WC350 572965 nonc limestone 4200 copper cylinder
& washer

WC350 572965 none cinder=4 4500 copper cylinder
washer

wC350 3T none lIimestone 9800 copper cylinder

wWC350 3317 nene wood & 3300 copper cylinder
washer

wWC.50 3117 none wood-& 11400 copper cylinder
17/16-steel

WwC3:0 3317 none 5716" steel 8300
W S350 3317 none
wC350 3317 none
WwC35% 3317 none
wC°50 3317 none

5/16" steel 10600
5/16" steel 18500
5/16" steel 18300
5716 steel 27000

WC350 5/2965 rnone 5/16" steel 23600

WC350 5/2965 none 5716" -steel 26100

WwCi50 3317 nong woed=and 12600
1716 steel

WC350 572965 none concrete: 11700

and washer
7/16 steel 27100
7/16 steel 29400

WwC350 3317 none
wWC350 1317 none

WwC350 3317 none
WC350 3317 nane

7/16 stesl 22800
7/16 steel 23400

WC350 572965 none 7716 steel 29400
WC3I50 572965 none ~j'€ steel 30000
WC356 572365 none 5 .o ateci 21530
WC350 572965 non=s /16 steel 23200
WC350 5/2965 none "/16 ateel 35100
wC350 3317 none 7/16 steel 2660C
WC350 3317 none 7/1¢ steel 31500
WwWC350 3317 none 171> steel 31100
wC3s0 3317 none 7716 steel 19300
wC350 3317 none 7/16 steel 18700

wC3s50 3317 none¢
WwC350 3317 none
WC350 3317 none

7/16 stcel 24400
7/16 steel 23900
7116 steel 26800

wC3is0 3317 none 7/16 steel 21800
Y/ C355H 3317 none 7/16 steel 17000
WC350 3317 none 7/16 steel 14000
WwC3s0 3317 none 7/16 steel 19500
WC350 37 none 7716 steel 19000
wCis50 3317 none 7/16 steel 17500

copper cylinder

copper cylinder
copper cylinder
copper cylinder
copper cylinder
copper cylinder

copper cylinder
copper cylinder

copper cylinder

copper cylinder
copper cylinder

copper cylinaer
copper cylinder
copper cylinder
copper cylinder
coyper Lylinder

copper cylinder
copper cylinder
copper cylinder
copper cylinder
copper cylinder

copper cylinder
copper cylinder

copper cylinder
copper cylinder
copper cylinder

copper cylinder
piezo gage
piezo gage
piezo gage
plezo gage
plezo gage

Penctration

Pull-out
torce-{lb)

1/8*
Proper
Proper
3/8"
3/8"

Proper
Proper
Proper

Proper

lIS"

Proper

Proper
1/3"

Proper

3/16%

![}n
5/16™
sf16"

Praoper
7/16"

3/8"
3/8"

1/8"

3/8"
3/ "

3/8"
3/8"
15/32"
15/32"

Troper

19/32&"
Proper
1/8
7/16"
Proper

7/16Y
/16"

Proper

Proper
7/16*

7/16™
7/16"
1/16*
Froper
Proper
7/18"

1630

720
280

1220
400
108

160

130

—
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TABLE A-1i

Modified Stud Driver Test=Fixture

Charge Standoff Pressure Pressure -

Rd. (grain} Prop. Stud-No. {in} Mater al (psi} System Penetration

1 9,0 WC340 3317 none 7/16" steel 17700 copper cylinder 7/16m

2 2.0 wC340 3317 none 7716 steel 60600 copper-cylinder 3/8¢

3 9.0 wWC340 3317 none 7/16% steel 17700 copper-cylinder 7/16"

4 9.0 wC340 3317 none 7/16" steel 13300 copper-cytinder 7/16"

5 9,0 wWC340 3317 none 7/16" steel 23700 copper-cylinder 7/16%

6 9.2 WC340 3317 none 716" steel 22300 copper-cylinder 7/16"

7 9.2 WwC340 3317 none 7/16™ steel 25400 copper-cylinder T/16"

8 92 WC340 3317 none 7716 steel 18100 copper-cylinder 7/167

52 9.2 WC340 hardened none 7/16” steel 55200 copper-cylinder 7/16"

10 7.2 WC340 3317 7/16"piston 7/16% steel 50000 copper=cylinder 1/16%

11 9.2 “WC340 3317 none 7/16" steel 19900 coppébcylindcr /16" B

iz 3.2 WC340 3317 none 7716 steel 17300 copper-cylinder /16"

13 9.2 wWC340 3317 noue 7/16" -steel 48600 coppér=cylinder 3/8%

4 9.2 WwGC330 3317 none 7/15" steel 19900 copper-cylinder 71146%

1% 9.2 wC340 3317 none 7716 steel 20600 copper-cylindur 7/16"

16 9.2 WC340 3317 none 7/16™ steel 48400 copper-cylinder 3/8%

17 9.2 wC340 3317 none 7716 steel 16700 copper-cylinder 7/36"

18 9.2 WC340 3317 none /16" steel 20600 copper-cylinder 3/8”
19 9.4 WC340 3317 none T/16" steel 26600 copper=cylinder Proper
20 9.4 WC340 3317 none 7716™ steel 22100 copper-cylinder Proper :
21 9.4 wWC340 3317 none 7718 steel 18300 copper-cylinder Proper E
22 3.4 WC340 3317 none 7/16" steel 16700 coppér-eylinder 7/16"
23 9.4 WC340 3317 none 7/16™ steel 29500 copper=cylinder 3/8" :
24 9.4 WC330 3317 none 7/16" stecl 18600 copper-cylinder 7716
z5 9.4 WC340 3317 7/°6"etud  7/16" steel 11700 coppar-cylinder 7/16¢
26 2.4 ¥C350 3318 3Mo"stud  7/16" stee) 56600 sspper-cylinder } /8"
27 G, 4 wWCiso 3318 3/16"stud 7/16" steel 47800 copper-cylinder 1/8 H
28 9.4 WC350 3318 3f16"stud  7/16" sfeel 51000 copper-cylinder Proper f
23 .8 W30 3315 3r1n"stud T710™ steel 24100 copper=cylinder Froper

30 Y. 4 WC350 3318 3716"stud 7/16" steel 48200 copper-cylinder Proper
31 2.4 WC3i50 3318 3/16"stud  7/16™ steel 16900 copper-cylinder 7/16"
32 5.4 wC3so 3318 3/16vstud 7/16" stacl 434090 copper-cylinder Proper

33 1.4 WCas50 3317 178" stud 7116 stecl 58000 copper-cylinder Proper

34 9.4 WC350 3317 178" stud 7716" steel 54000 copper-cylind er Proper H
35 3.4 WwWC35e 3317 1/8" stud T/16" steel 63709 covper-cylinder Proper 7
36 3.0 WC350 3317 1/8" stud  7/16" steel 24100 copper-cylinder 7/16 :
37 8.0 WCis0 3317 1/8” stud 7/16" stael 29600 copper-cylinder 1/16™ :
38 8.4 WwC3s0 3317 178" stud 7716 steel 4800 piczo-gage Proper :
39 8.4 WC350 13317 178" stud 7/16" steel 32000 piczo:gage Proper
40 8.4 WwC3iso 3317 178" atud  7/16™ steel no piston plezo:gage
41 8.4 wWC3so 3317 178" stud  7/16" steel 20000 piezo-gage 7/16" :
42 8.4 wWC350 3317 178" stud 7116 steel 16000 plezo-gage 7716 :
43 8.5 WC350 3317 1/8" stud 7/16" steel 34000 piezo:gage Proper B
44 8.5  WC350 3317 1/8" stud /16" steel 7000 piezo gage Proper

- 45 8.5 wC3i50 3317 178" stud 7/16™ steel 8300 piezo gage 7/16" :

2 Pin or stud fatled
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3 TABLE A- II (cont'd)
1
é Charge Standoff Pressure Pressure
E: Rd. _fgran) Prop.  Stud:No, (in) Material {psi} System Penctration
2 = —_——
g 46 8.5 wC3is0 3317 178"stud  7/16" steel 37000 piezo gage Propes
= - 47 8.5 WC350 3317 1/8"stud 7716 steel 27000 piczo gage /16" -
E 48 4.5 WC350 13317 1/8'stud 7/16" steel 37000 copper cylinder Proper
g 49 8.5 wC3s0 3317 1/8"stud T116™ steel 33600 copper cylinder Proper
50 8.5 WC3s50 3317 1/8"stud 716" steel 29400 copper cylinder Proper :
;- 51 8.5 WwG350 3317 1/8"stud 7/16™ steel 36500 copper cylinder Proper
E 52 8,5 WC350 3317 1/8"stud 7/16" steel 19800 copper cylinder 7/16" B
E 53 8,5 WC350 3317 1/8"stud 7716 steel 32700 copper cylinder Proper s
E: 54 8.5 WC350 3317 1/8"stud 7/16" steel 37400 copper cylinder Proper
i 55 8.5 WC350 3317 1,9%stud T/16" steel 32400 copper cylinder Proper
2
= 5¢ 8.5 WC350 3317 1/8"stud  T/16" steel 27300 copper cylinder  Proper
57 8.5 WC3s50 37 1/8"stud 7/16" steel 25000 copper cylinder Proper
58 8.5 WC3s0 3317 1/8"stud 7/15" steel 40200 copper cylinder Proper
E 59 8.5 wC350 13317 1/8"stud T/16" steel 32200 copper cylinder Proper
% H0 8.5 wWC350 3317 1/8"stud T/16" steel  missed copper cylinder Proper
% 61 8.5 WwCis50 3317 1/8"stud TLL6” steel 24600 copper cylinder Proper
3 2 8.5 WC350 3317 1/8"stud 7/167 steel 25400 copper cylinder /16"
63 8.5 WwC350 3317 1/8"stud 7116" steel 11300 copper cylinder 7/16%
a4 8.5  WCI50 3317 1/8"stud  T/I6" steel 29200 copoerevlinger 7716 7
65 8.5 wC3s0 3317 1/8"stud 7/16" steel 21400 copper cylinder 716"
66 8.5 WC350 3317 2 /8*stud /10" steel 47200 copper cylinder 716"
7 8.5 wWC3is0 3317 1/8"stud 7716* steel 4020C copper cyiindf:: 7/16™
68 8. weso 5317 1/8"stud  7/16" steel 35200  copper cylinder  7/16"
69 8.5 WwWC350 3317 1/8"stud TH6" steel 7000 piezo gage 7/16"
70 B.5 wCiso 3317 178" stud T16" stecl 7000 piczo gage 7/16" .
K2} 8.5 WC350 3317 1/8"stud 7116 steel 5000 piczo gage 7/16"
72 8.5 WC3s0 3317 1/8"stud 7/16" gsteel  missed  piczo gage 7/16™
73 8.5 WC3s50 3317 1/8"stud 77/16" steel 50000  piczo gage 7/16"
74 B.5 WC350 3317 1/8"stud 7.16" steel 4000 piezo gage 7716
75 8.5 wWC350 3317 1/8"stud 2/16" steel 6000 piczo gage 7/16% -
76 8.5 WwWC350 3317 1/8"stud /16" steel  mussed  piczo gage Proper
77 5.0 red dot 3317 1/8"stud 7716™ steel 60060 piczo gage 7/16"
78 5,0 red dot 3317 178"stud 716" steel missed  plrzo gage 7/16"
79 5.0 red dot 3317 1/8"cart, 7116 stec! 8006 piczo gage 7/16"
L] 8.6 WC3%0 3317 1/8"stud TI16™ steel 42500 copper cylinder Proper
81 8.6 wCiIs0 31317 1/8"stud 7/16" steel 35100 copper cylinder Proper :
¥ 8.6 WwC350 13317 1/8"cart, TH16" stecl 19200 copper cylinder 3/3»
33 8.6 wC3s0 3317 1/8"¢cart, 7/16" steel 19200 copper cylinder 378" -
34 8.6 WwC350 3317 1/8"cart. 7716" steel 20700 copper cylinder 3/8v :
85 8.6 WwC350 3317 1/8%cart, T416" steel 20300 copper cylinder 3/8" i
a6 R.6 WGC350 3317 1/8"cart, 7/16" steel  missed  piezo gage Proper -
87 8.6 wc3so 3317 1/8"cart.  7/16” stecl missed  plezo gage Proper :
88 8.6 WCi50 3317 1/8"cart.  7/16" stcel  miszed piczo gage 3/8" E
89 8.5 WC350 3317 1/8%cart. 7716" steel  missed piczo gage 3/8" :
90 8.5 WwC350 3317 1/8"cart. 7/16" steel  missec  piezo gage 716"
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Charge Standoeff

Rd. eramj Prop. Stud No. {in}
31 7.0 AL-8 3317 1/8"atud
92 7.0 AL-8 3312 178" atud
923 7.0 AL-8 3317 1/8"stud
a4 7.0 AL-8 3317 1/8"stud
a5 7.0 AL-8 3317 1/8"stud
agb 8.0 AL-8 3317 1/ 8" stud
7 8,0 AL-8 3317 2 4B"stud
ag 8.5 WC356 3317 1/8"stnd
59 8.5 WC3s0 3317 1/8"4tud
4 160 8.5 WwC3s0 3317 v/5"stad
= 101 e.3 wC3s0 3317 1/8"stud
2 102 8.5 WG350 3317 1/8"stud
E 103 8.5 WC35¢ 3317 1/8"stud
E 104 8.5 wC3s0 3317 1/8"stad
4 105 8.5 WC3s50 3317 1/8"stud
3 106 a.5 WC3s0 2337 1/8"stud
2 167 85 WwC350 3317 178"stud
= 108 8.5 wC3s0 3317 178" stud
109 8.5 WCis0 3317 178" 5tud
19 8.5 wCiso 3317 /& stud
111 8.5 WC350 3317 L/8"stud
112 8.5 WC350 13317 178" stud
173 8.5 WC350 3317 1/B"stud
114¢ 8.5 wWGC350 3317 1/3"stud
s 8.6  IMR3331 1317 178" stud
me? 10,0 MR3031 3317 1/875tud
117 6.0 WC240 31317 1/8"stud
1138 6.0 WC240 31317 178" stud
114 7.5 WCz40 3317 1/3"stud
120 7.5 wC240 3117 1/8"stud
12] 7.5 wC240 3317 H 8" stud
122 7.5 WC240 3317 178" stud
123 7.5 wC240 3317 1/8"stud
124 7.5 wWCzin 31317 1/8"siud
125 7.5 WC240 3317 1/8"stud
126 7.5 wC240 3317 1/8"stud
127 7.5 wWC240 3117 178" stud
128 7.5 wC240 3317 1/8"stud
129 7.5 wC24p 3317 1/8"stud
130 1.5 we240 3317 1/8vstag
131 7.7 we24e 33 1/8"stud
13z 7.7 WC240 3317 1/8"stud
133 7.7 wcz40 3317 1/8"stud
124 7.7 wC240 3317 1/8"stud
13 7.7 WC240 1517 1/8%stud
136 7.7 weaio 3y 1/8"stud
137 7.7 weCz4u 3317 1 f¥stud
138 7.7 WC240 3317 1/8"stud
129 7.7 WC240 3317 1/8"stud
140 7.7 wC240 17 1/8"%stud

bno stud

cpiaton failed
dtimc too slow

Material

7116m
7r16™
7/16"
76"
7/16"

7116
Ti16"
TI15"
7116m
115"

716"
77167
7116"
7116
7716"

1/167
Y6
1116+
1716
/16"

17167
jratig
1716
/16"

/16
116"
1/16v
/16
1716
1716

7716%
T/167

steel
steel
steel
steel
stevl

steel
steel
steel
steel
steel

steel
steel
steel

‘steel

steel

steel
steg)
steel
steel
steel

rteel
steel
steel
steel

asteel
ateel
steel
steel
steel

stee]

steel
steel

7116 steel
7115 steel
7716 steel

7716™ steel
77167 5tncl
7/ 16 steel
7/16"steel
7/ 16" steel

T/16"s1cel
7716 steel
7/16"stecl
716" ateel
7/16ateel

7/16" steel
77 16" 5tzel
7/ 16" steel
7/ 16 steel
7/16"steel

TABLE A-ll (cont'd)

Pressure

{psi)

13000
13400
12500
12500
12000

14500
17000
36500 -
32000
39560

35000
52000
47000
36500
57000

26000
48000
35500
26000
21000

L3000
45500
320006
14000

1580e
2500

13000
missed
20000
mwisred

17000
missed
23000
2450
15000

12000
17000
24000
26009
24500

25560
19500
27000
32000
22000

25500
26000
22000
24000
21000

Pressure
System Penetration

piezo-gage 3/8n
piezo-gage 3/8n
piczo-gage 1/8n
piezo-gage 3/8
piezo-gage 3/8"
piezo-gage
peizo:gage 716"
plezogage Proper
plezo-gage ‘Proper
pieno gage FProper
piczo-gage Proper
piezo-gage Proper
piezo-gage Proper
plezogage Proper
piezo-gage Proper
piezo-gage Proper
piezo-gage Proper
piezo-gage Proper -
plezo-gage Proper
plezo.gage 7716"
piezo-gage 7716
piczo-gage Froper
plezo:gage Proper
piezo-gage 4
copper-eylinder ¥4
piezo-gage 5/16
piezogage 7/16"
plezo gage 7/36m
plezo gage Proper
piezo gage Proper
piezo gage 7/16"
piezo gage 20
piczo gage Broper
piczo gage Proper
niczo gage 715
piczo page 7/16"
piezo gage 716"
piezo page Proper
plezo gage Proper
piezo gage Broper
piczo gage Proper
plezo gage Proper
piezo gage Proper
piczo gage Prope-
piczo gage Proper
piezo gage Proper
plezo gage Proper
plezo gage Proper
piczo gage Proper
piczo gage Proper




TABLE A-1I (cont'd)

Charge Standoff Pressure Pregsure
R lgran)  Prop.  StwdNo. _Gm) . Materal  _(psi) System Fenctration
141 7.7 WC240 3317 1/8"stud T£16" steel 19000 piezo=gage /16"
142 7.7 wC240 3317 1/8"stud  7/16" steel 28000  piezo-gage Proper
143 1.7 wWCz40 337 1/8"stud T/16" steel 24500 piezo-gage Proper
idd 7.7 wcz40 3317 1/8"stud 7/16" steel 22500 piezo:gage Proper
142 7.7 WwC240 3317 1/8"stud TE6" stee! 24000 plezo:=gage Proper
146 7.7 wC240 3117 1/8"stud 77i6™ steel 27400 copper-cylinder Proper
147 7.7 wCz240 3317 1/8"stud T/16™ gteel 25400 copper-cylinder 7/16"
148 7.7 WC240 3317 1/8"stud 7116 steel 26200 copper-cylinder Proper
149 7.7 wez40 3317 1/8"stud TL16" steel 29700 copper-cylinder Proper
150 7.7 wcC240 3317 178"stud 7/16* steel 24400 copper-cylinder /16"
151 1.7 wC240 EXd b 1/8"'stud 7416 steel 25706 copper-cylinder 1/16"
152 7.7 WwCz240 3317 1/8%stud 7/16" steel 21000 coppef-cylinder /16"
153 7.8 wCz40 13317 1/8"zrud 716" steel 27700 copper-cylinder Proper
i54 7.8 WCz240 3317 178" stud 7/16" steel 29500 copper-cylinder Proper
155 7.8 WwC240 3317 1/8"stud /16" steel 28400 copper-cylinder Proper
156 7.8 wC240 33w 1/8"stud TE16 steel 2:1300 coppér=cylinder 7/16™ -
157 7.8 WCZi0 33317 1/8"stud TLI6Y steel 23400 coi)i;erfqy]:inder 7/16"
158 7.8 WC240 3317 1/8"stud THST steel 22200 copper-cylinder 7/16"
159 7.7 weC240 3317 1/8"stud 716" steel 21900 coppér-cylinder 7/16"
16n 7.7 wcC240 33w 374" stud 7/16" steel 17300 copper=eylinder Proper
161 7.7 wca40 3317 3/4"stud TLI67 steet 25900 copper=cylinder Proper
162 7.7 WwC240 3317 3/4"stud THLE" steenl 18600 copper-cylinder Proper
163 7.7 wezag 3317 34" stud 7716™ steel 16600 copper-cylinder Proper
164 7.7 Wwc240 3317 374 stud 7716 steel 16300 copper-cylinder Proper
165 7.7 WC240 3317 3/4"stud 7/16™ steel 18200 copper-cylinder Proper
166 7.7 wC240 3317 3/4"stua 7/15™ steel 11100 copper=cylinder 1/¢v
167 7.7 We40 3317 3/4"stud /167 steel 16400 caopper-cylinder Proper
168 7.7 wce24o 3317 314" stud /16" steel 29500 copper-cvlinder Proper
16a 7.7 wczqu 3317 3/49”stud T/16" steel 23500 copper-eylinder Preper
170 7.7 wC249 3317 344+ s3tud 75" steel 20900 copper-eylinder Proper
171 7.7 wC240 3317 374" stud 7/16" steel 15600 copper-cylinder Proper
172 7.7 wWC240 3317 374" stud T/16™ steel 26200 copper-cylinder Proper
173 7.7 wWC240 1317 3/4"stud 7116 steel 28600 copper-eylinder Proper
174 7.7 WCz40 3313 A4 stud 7716™ steel 27000 copper-cylinder Proper
175 7.7 WC240 3318 3/4"stud 7/16™ steel 27000 copper-evlindes Propir
176 7.7 WC240 3318 374" stud /16" steel 17500 copper=cylinder Proper
177 7.7 WC240 3318 39 stud 7/16™ steel 16790 copper-cylinder /16"
178 7.7 wC240 3317 none 7116 steel 35200 copper-eylinder Proper
179 7.7 wC240 331, none 7/16" steel 36300 copper-cylinder /16"
180 7.7 WC240 3317 none T/16* steel 35600 copper-cylinder Proper
181 7.7 wGC240 3317 none 7716~ steel 21000 copper-cylinder 7/16"
182 7.7 wC240 3317 none T/16™ steel 22400 copper-cylinder Proper
183 7.7 WC24n 3317 none 7/16% steel 18100 copper-cylinder /16
184 7.7 WGC240 3317 none THE" steel 25800 copper-cylinder Proper
185 7.7 we4o 37 none 7116 steal 13600 copper-cylinder 716"
186 7.7 wcz4e 3317 noene 7/16” steel 41000 cepper-cylinder Proper
187 7.7 WC240 3317 none 7116 steel 46000 copper-cylinder Proper
188 7.7 WC24n 3317 none 7116 ateel 21500 copper-cylinder Proper
182 7.7 w240 3317 none 7716 steel 47600 copper-cylinder Proper
i90 7.7 WQC240 3317 nonc T116" steel 42300 copper cylinder Proper
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